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1. Introduction

Curves of equal-loudness for sine-~tones which can be heard */187
binaurally as a frontal oncoming plane wave have been used for
some time. They were measured agaln recently in a thorough
study by Robinson. and Dadson [1]. We have less information
on the coursé of curves of egual-loudness for octave-bands.
They are important, among other things, in the calculation of
a uniform noise from the measured level-octave-diagram, as in
the method, for examplé, used by Stevens [2]. Stimulated by
the work of Stevens, measurements of the isophons for octave-
bands were undertaken by the Institute for Electro and Construc-—
tion Acoustics of the Dresden Teehnical University in 1956. At
the start these were limited to the diffusg acoustic field and
involved the comparison of cctave-bands with middle frequencies
of between 100 Hz and 9.6 kHz with a third-octave band of 1 kHz,
the sound level of which came to L = 50 dB. Later on we deter-
mined by tests on a team of 10 persons the curves of equal-
loudness for octave-bands of 40 phons in the frontal oncoming
plane wave and in the diffuse acoustic field.

The starting point for the reference magnitude of loudness
(3], [41, the sound level of the frontal oncoming 1 kHz sine-
wave, was obtained by a subjective loudness comparison of the
third-octave band (900 1140 Hz) used as comparison signal



with a 1-kHz sine-tone for measurements in the plane wave.

‘In order to be able to apply the results of the measurements

in the diffuse acoustic Ffield to the'plané'oncoming 1 kHz sine-
wave, we took advantage of the fact that regardless of the form
of the acoustic field in a free field, a specific sound level
on the tympanum for a given signal always leads to the ‘identi-
cal loudness [53. Thus, by objective measuring of the sound
level in the undisturbed field, as well as in the tympanum,

it was posslble to determine the sound level of the comparison
signal in the diffuse field that corresponds to a loudness of
40 phons. |

2. Apparatus for the experiments and methed of ‘i

investigation

A general circuilt diagram of the apparatus is shown in Fig.
1. The third-octave band of about 1 kHz used as comparison sig-
nal was, alternately with an octave~band of variable middle
frequency, switched on for a period of 1.3 seconds with the aid
of an electronlc change-over switch to a loud-speaker unit
which reflected a diffuse acoustic field in the hali--a plane
wave in an area free from reflection. There was a 0.3 second
pause between the two signals.: The comparison signal remained
‘constaiit (55, resbectively #0 phoris) as to lével, whilé theilevel
.of the_octave-band was constantly varied by 1.3 dB/s by a
motor-equipped damping control (5). It was the responsibility 7
of the test subjects to regulate the 'damping by pressing the key
(10) whenever they felt that the octave volume was clearly louder
or softer than. the comparison signal. Recording of the judg-
ments then followed by means of a level recofder (9) which was
placed right in front of the electronic switch. The amount
given out by the transmission apparatus right behind the level
recorder was also measured and considered -in the evaluation
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Fig. 1. Apparatus for measurement of the curves of equal-
loudness for octave-bands.

of the results. A condenser microphone was available for sound
level measurements; it was calibrated both for thé plane wave
as well as for the diffuse acoustle Tield. The maximum measu-
ring accuracy of the level measurements came to around 1.5

dB.

The diffuse acoustic fileld was created by four mounted loud-
speakers on.thefcorner sound-walls of a hall in which the re-
sonance time came to from 2 fto 3 seconds. The place dependent
fluctuations of level within a sphere of 50cm radius around the /188
later measuring place were for frequencies greater than 1 kHz
less than 1dB and for lower frequencies less than 1.8 dB.

The progressive plane wave was realized with good approxi-
mation in the area free from reflection at 3 meters distance
from the loud-speaker mounted on one of the walls of the room,
which, because of a perforated screen placed before it.,could also
reflect high freguencies in practically half-spherical form.

The level fluctuations_ﬁéﬁénaéﬁf'dﬁwﬁiéée'Iay.ﬁithin a sphere
around the place of measurement with a 50 cm diameter under 1
aB.



The comparative method chosen was used in this manﬁer for
“the first time by v. Békésy%[6]'for audiometrie measurements,
and is of a boundary. A single measurement took approximately

2 minutes. In order to avold eicessive stralin on the persons
HSed.in fhe test, fﬁe duration of an experimental series was
limited to 25 minutes at most. All measureménts were taken
twice so that the judgment of the persoris participating could be
verified. Moreover, while measuring the level of the octave
band, the leader of the experiments made intentional changes so
as to determine whether the persons tested would find thelr

way hack to their first reaction.
The age of the test subJects--generally assistants and
students who partié¢ipated in such tests for the first time--

ranged from 20 to 30.

3. The loudness of the third-octave used for

comparative purposes.

It was found from the previously mentioned loudness compari-
son of a 1 kHz gsine-tone with a tthird-oetave of around 1 kHz in
the plane wave, that the sound.level of this from"40 to 60
phens was 2 dB less in loudness than thét of the sine-tone must
be if both signals are tc be felt asve@bally loud. This cor-
responds well with results in publicatidns on the band width

dependency appraisal of noises by the ear [971, [10].

Objective measurements with a probing microphone of the
differences betweenltheﬁSound level in the undisturbed field and
the level in the tympanum showed that-at 1 kfiz,the sound =
level in the undisturbed field will have to be 3 dB less than in
the frontal encoming plane wave 1if it is to effect the same
sound level in the tympanum, thereby creating the same loudness.
More detai;s with reference to this will be given in ancther
study [71].

4



According to the foregoing results, the necessary level
Mfor 40 phoﬁs will be determined for thé undisturbed comparative
third—octave ‘at 38 dB for the plane wave, and at 35 dB for the
diffuse acoustic field. Furthermore, wée can deduce- therefrom -.
that the curve measured in this study for -a thitd-octave

of 50 4B in the diffuse field will correspond to a loudness of
55 -phons. '

by, CoﬂdlUsions‘énd discussion of the results

For each measurementsbhe minima and maxima noted by the level
recorder were represented graphically and. coordinated with the
frequency course of the probing-apparatus. The arithmetic
average of the results of all the n persons tested

T f_ml.r. e ’i | B <l)

“ig shown in Fig. 2. above the frequencies of the bands. Further,
in these curves the average error for the medlum value 1s marked

as a perpendicular stroke.
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The 55-phon curve was tested on 6 persons. The two U40-phon

curves glve the average results for a group of 10 persons

The octave-~level curves det-here as well as in Fig. 4,
at‘l kHz 1lie somewhat lower than the maintained constant level

of the comparison-third L 1 kHz, since they cover several

third
frequency groups.

At least in the vieinity of 1 kHz a level difference of



55 40 45 4B between both of the curves measured in the dif-
"fuse field is to be expected. This difference manifests itself
with practically no chénge right up to the highest Ffrequencies,
even though the persons participatlng in the measurements

were not entirely the same. It is only below 300 Hz that the
40-phon curve becomes a bit more steep than the 55-phon. But
such behavior 1s also knownofor curves of equal-loudness for
‘sine-tones in the plane wave. . |

C & A= 55phonft nJOdB) dlffuse sound" wave: .
48! Okt third T iz
* A=40phon (Lypig 1y0e, = 3008/ diffuse sound wave
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Fig. 2. Curves of equal 1oudness for octave-hands.

We can assume from the two 4o-phon curves that below 600
Hz, where there still are nc essential acoustical field distor-
tions due to the human head, the same sound level will always
effect an identical loudness regardless of the form of the field.
This would coincide withthe result of our investigations already
referred to concerning the relationship of loudness and sound

pressure on the tympanum [5].

The differences, however, of up to 7 dB in low frequencies
between the curves of equal-loudhess in the pléne wave and in
the diffuse acoustic field, measured by Plenge and Schwarze ([8],
Reproduction 9) at the Institute for Research in Oscillations
of the Berlin Technical University, and most curteously/ com-
rnunicated to the author of this study, do not at all coincide.

. /189



Lo tegd 800 1600 - 3200 6400 12800 Hz
. - ——e
m

Fig. 3. Difference in curves of edual—loudness for the octave-
band in the plane wave and in. the diffuse acoustic
field.

For higher frequencies, because of the curve of the sound.
at the head, one would expect-the'different course of the 40-
phone curves measured in the two acoustic fields. Ezxact quan-
titative data on the difference between both these isophones
cannot be given because of the relatively large spread of
the results of subjective loudness comparison in the corres-
ponding curves. The curve shown in Fig. 3, however, which
represents this difference, coineides essentially with the
preliminary findings of our objective measurements of this

dlffereHCe already referred to {7]

. ', T[om . a A SSPf’On(Lthrm Thtz -59d5) JAHN .
Co BT e A S5phen(Lining gpepp = S0 d0) PLENGE/SOWARE
¥l [ S0phon STEVENS T
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Fig. 4. Curves of egual- loudness for octave-bands in the diffuse

acoustic field.




figure 4 gives our 55 phon 50 dB curve together with the
'COPresponding one of Plenge and Schwarze [8] and thej5p‘phon77 {
curve according to Stevens ([2], Fig. 18). It would be wrong

to expect a complete agreément of the three curves, since the
experiments were carried out on different test teams. Besides,
different. The measurements undertaken by Stevens, for example,
were made in "an ordinary room wiﬁhkacousticelotek on the
celling", while for both the expérihents made by us as well

as for those of Plenge and Schwarze great importance was attached
to bringing about the highest possgible diffusiveness in the hall-
room. Considering these differences ftogether ~with some of the
others, the slight discrepancies in thé results are not sur-
prising. One could ascribe to them as a maximum the difference
0of 5 dB in low frequencies. But it would be demanding too

much to try to explain thereby also the differences of 10 dB
above 2 kHz. '

Because of these great differences it would seem to be a
bit premature to consider one of these three curves as the cor-
rect one to be applied as the basis for calculations of loud-
ness from the spectrum. It would first be necessary to make a -
more thorough investigation with a iarge group of people in
an exact diffuse acoustic field. .In that c¢ase special attention
would have to be given to the question as to which loudness
- (corresponding to the definition according to [3] and [41)
the sound level of the chosen comparison signal should correspond,
so that the measured curves can truly be identified with a
loudness in phons. As far as we are informed, it is only in
the present article that has been atfempted. As Plenge and Schwarze
were also aware of this, they used the term "nolse level in 4dB"
rather than loudness. With equal-loudness, however, this will
depend on the properties of the accustic field (Whether diffuse



or frontal) and on the bandwidth of the comparison signal
"selected. Althdugh'not conslstent with his later publicatlons,
[10] and the results of Zwicker and Fledtkeller [9] Stevens

. Bives the sound level of an octave-width band of about 1 kHz

in gB numéricéliywééﬁél;to 1t% loudness in phons. Such different
treatment of the qué§tion of felative magnlitude only complicates
the comparison of the various results. It is 1$6.:be hoped

that in future investigation all the results concérning the
binaurally heard sound level of the frontal incoming plane
sine-wave are correctly coordinated by appropriate méasure—

ments.
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